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SOk@l YAWI~G’TIESTS”OF”’A-l/30-SC’ALE MODEL-OF-TEE-~LL

Or THE XPB2M-1 FLYING BOAT

By F. W. S. Loake, Jr.

SUMMARY
. .

The results obtained from yawing teete of a 1/30-
ecale model of the complete hull of the XPB21bl (Stevene
Model No. 404) are shown to be in substantial agreement
with preliminary full-scale fllght tests on the flying
boat. The model teets aover the entire range of speed6
up to get-away, on the basis of the designed gross weight
of the flying boat (140,000 lb).

Reports of preliminary flight teete of the xPB2M-1
flying boat indicated that there was a definite tendency
toward directional Instability in tke.vicinity of the
hump . The model teste show that the hull is unstable at.
speeds up to and juet past the hump. It was found that
within the range CT s 2.0-2.5 the curves of yawing

moment are discontinuous at small yaw angles, and this
has been associated with the difficulty found In the
preliminary flight tests.*

IITRODUCTIOI?

It has not been neceeaary, in the past, to give mch
attention to the directional etabillty characterlstica of
flylng-boat hulls. Gott, in reference 1, suggested that
directional instability was to be met with, only occasion-
ally. Ilecently, the reverse has apparently become true.
At least three moderq flying boats have exhibited varying
degrees of directional Inetabillty on the water.

.

1 -.

*Since the tests herein reported were completed~ small
alterations to the hull, based upon model test flndin~s,
are reported to have substantially improved the direc-
tional stability oharacte~imtice.
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Although “the preliminary flight tests of the XP32M-1
had show~ directional instability primarily in the region
of the ilump, Gott)s experience had shown instability at
high speed. It was thought worth. wb-ile, t-herefore, to
make an investigation which would cover the ei~tire ran~e
of speeds from zero to get-~~ay. !I!llisinvestigation had
two objectives:

1. To find curves of y-awing moments agai.ilstyaw, and
to attempt a correlation of their shapes with
the reported fuli-size behavior

2. To provide a background for future work

This investigation, conuucted at the Stevens institute
of Technology, was sponsored by, and conducted Wit’h fiaan-

cial assistance from, the Natioiie.1 -4dvi:ory Committee for
Aeronautics,

iJZSCRIFvTI037!)I’MODEL

The Model was built for Z’fieGlenn L. i!arti~ Company,
to their Drawing Xo. R24007d, aild was used ‘uy then for
several tr.vesti.gatioc-s. It was used for the present irl-
vesiigation, in preference to other i~odels, because it
was a full model of the hull, cow,nlete with top and tail
cone. The body plans are given ii figure 1.

2he ceilter of gravity was located in the specified
longitudinal and vertical positions, and on the center-
line pla.iie. !lhe xodel was allowed to pivot freel~ a%’out
both the transverse and vertical axes, except in certain
tests at high speeds, during which the trim angle was
locked.

Particulars of i’he model anti of the fuli-size flying
lost are listed on page 7.

.4PPARLN3S ANI) FROCEIXJRE

The model was mounted on bearings in a yoke, The
bearings aJ.lor’edpiicfi.irisfreedom. and ihe ycke could be
adjusted to produce fixed heel angles. The yoke was at-
tached to a staff which allowed freedom ~n yaw and heave.

. . . . ..—. —_______ _ —.— ..- —.—— _______________ ..____ ... _.. _ . .. .. .... . . . . . ____
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The ~gular motion of the staff was restrained “DY a cali-
“ brate’d spring, thus allowing determination of the yawing
moment . A dash.pot ras provided for damping in ya~, which
some preliminary experience had shown to he desiral)le.
A sketch of the a~paratus is shown in fi~ure 2 and a
photograph in figure 3.

The calibrated spring merltioned previously constituted
t~e yawing moment dynamometer. The spring was relatively
weak, and provision was made for changing its stiffness.
‘The na.g”r.i.tudeand direction of the yawi-ng monent, at the
rllilnillgyaw angle, was determined by notin~ the difference
between the angles of yau when stationary and in motion.
.411 no”aents and angles are referred to the wind axis (i.e.,
to the horizontal plane),

Up to about 12.5 feet per second (haif get-aray),

the model was tested free to trim according to the sched-
ule of loads previously used for a series o: resistance
tests on the same model, reported in reference 2. At
higher speeds the model was tested at fixed trims, for
which the loads were calculated from the aerodynamic char-
acteristics of the flying boat. At eacii sp’eed, sufficient
tests were made to defiae the shape of the curve of yawing
moment against yaw angle, especially in the region of
sritailyaw angles. When free to trim, the trim and hea-,re
were recorded. JQl ih~ tests ~e~e run at zero heel ~n~le.

R.SWLT S

The following nondimensional coefficients are U’sed:

Load coefficient, CA = 15j’Tb3

Speed coefficient Cv =
T~/J~F

Trimming moment coefficient CM = x/wlF

Yawing moment coefficie:it Cp = M@734
w

Zeave coefficient c~ = IL/b

where

——— .—-.. . -—. ..—-.-— ..- .—.——-—. . --. -.. — .,.. -.-— .— -- .-. ——



load on water, pounds

specific weight of water, pounds per cubic foot
(62.3 for Stevens)

beaa at main step, feet

speed, feet pe~ second

acceleration of gravity, “32.2 feet per seconds

trimming monent, pound foot

yaving moment, pound foot

heave at center of gravity (height above position at
rest and. zero trim an6~e), feet

Moment data are referred to the center of gra~;ity.
?iate.rtrimming moments which tend to raise the bow are
co:?siderei positive. Water yawing mo~ei~ts whit’h tend to
roia.te the bow toward the right (starboard) are co~sidered
positive. “Yaw angles to right of the course are co~sidere~
positive.

Trim (~) is the engle between the base line of tke
hull and the korizoi~tal.

Yaw (~) is the angle between the center line of the .
hu~~ and the course, measured in a plane parallel to the
still-water surface.

!lhe large char% in figure 18 is considered an impor-
tan-i presentation- of the results; it provides a comprehen-
sive ;iew of all of the iiirectional stability character-

istics uruler t’he give~ se% of particulars. Each enclosed

rectangle (or special shape W~iere necessary’) shows th-e
curve of yawing moment against ya~~ angle for ~ke speed and
trim angle indicated hy its Cerlter. study S-hews that, in

general, there are four types of curves. ~aki~-g the slope

of t-he moment curve at zero yaw angle.as a maasure of the
stability of the flying ‘ooat iu yaw, the four tyues may

be defined as follows:

\

..-. . ..— _______ ...- —. ———. — ..— —. .. ..— ... . .._. .. ____ ___ .— - ._ ..-. —
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TvDe dc%
/a*

PoOltive stability Begat ive

Meutral Very emall positive or zero

Negative 6tability Positive

nEooklngll instability Curve discontinuous at small angles ~

It will be seen that the hull *S directionally unstable
up to about half the get-away speed, except fur a very
small region. This small region of positive stability is
encloeed by a contour line. The. cases of ‘hooking” insta-
bility occur within a small region, which is also enclosed
by a contour line. It will be noted that tha region of
instability starts at zero speed and extends elmost up to
the hump. At speede above the hump, the hull is stable “
at high trim angles, where the afterbody is normally wetted;
and neutrally stable at low trim angles, where the after-
body is normally clear. It would be expected that, once
thie hull hae paseed the hump, no-trouble from directional
Instability would be encountered.

.

The report on preliminary flight tests of the actual
xPB2&l flying boat bears out these Indications of the
model teets, at least In part. It states that, at epeeds “
below the hump, ‘constant attention must be given to keep
the flying boat headed very close to the couree, and un-
balanced power must be applied rapidly to check any devia-
tion from the oourse. If corrective moment is not applied
rapidly to check the firet sign of yawing, the boat may
become unmanageable. Cross-wind taxying may be very nearly
Impossible, even with maximum unbalanced power.11 As no
remarke are made concerning directional stability past the
hump, it is assumed that no trouble was experienced.

Some of the model test results are ehown in detail
In figures 4 to 17. The maximum available momente due to
full rudder deflection, with balanced power, are.marked
on these charte. It will be seen that at low speeds the
ruddere are not nearly powerful enough to overcome the
hydrodynamic yawing moments for anything more than a very
small yaw. On the other hand, at high speeds, the avail-
able rudder moments are more than sufficient to control.
any deviation from the course. It apqeare, therefore
that any further work on directional stabillty may well .
be concentrated on the low- end hump-epeed regions, and



6

that, in these rerions, no help should be expected from
the aerodynamic controls. A satisfactory hull should
presumably have neutral stability at all spee~s.

Visual.observations made during the tests indicated
that the hooking instability in the vicinity cf the hump
was caused mainly by water which passed over the after-
body sides In the vicinity of the stern roet and wetted
ths tail cone. Although sometimes noticeable under ether
conditions , this was especially noticeable where hooking
instability occurred. In one or two of the tgsts with
large yaw anples, at speeds in the v:cinit~ of the hump,
water washed rlfht over ths tail far enou~h forward to
leave the rear pun turret out.cf water, and would mroba-
bly have damaged the tail surfac~s on the actual flying
boat .

(30tt (reference 1) used lightgr loadings than the
tests herein remorted, and he used only relatively lnrper
yaw an~les. He found comparatively lr+rge unstable yawing
moments fit high smeeds under these conditions. The mres-
ent tests indicate that ~robsbly the same thing would hmve
been found had they been carried to htgher yaw anples.
lZiFh yaw angles were not considered to be particularly im-
mortant at high sDeeds for ths flying boat under investi-
gation because of the larg~ available rudder moments.
Gott found that, in gsneral, increasing the trim angle
improved the directional stability characteristics at hlph
Smeedg, which agrees with th? findin~s in the mresent tests.

COECLUSICES

1. The type of instability which gives most trouble
In the full-size flying boat shows up as discontinuous
moment curves in the model experiments - referred to as
Whooking. n

2. dater clingin~ to the aft?rbody aides nnd tail
cone seems to be the cause of the discontinuous moment
curves ~ and this Is the region in which furth~r work is .
likely to pay (in fact, already has maid) divid~nds.

3. In the” region from just beyond the humm to get-
away, the hull Is either directionally stablq or the nvail-
abls ~erodynamic moments are sufficient for control.

Stevens Institut” of Tschnolopy,
Hoboken, N. J., December q, 1942.
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PARTICULARS AED SH3CIEICA!TIONS

Wawy Designation”
Martin Model Xo.
Mertti Drawing Ho.
Stevene I.iodol80.
SmJ.e

Nl Size

nB2M-1

170
R2400713

1

Dimensions

Beamatmahs tep,inches . . . . . . . . . . . . .162
Angle between forebo~v keel aad%aso line,

degrees. . . . . . . . . . . . . . . . . . . . .2.0
Angle betwea afterbody keel and base line,

d.egree8.. . . . . . . . . . . . . . . . . . . .5.0
Height of main step at keel, iuches . . . . . . . . g.1
Ce:~terof gravity forward of main st~ (26.5S

percemt M.A.C.), inches. . . . . . . . . . . . .70.0
Center of grevity above base line, inohes . . . . lM.7
Gross weight, A, pounds . . . . . . . , . . . 1~,000
Wingspen, b, feet . . . . . . . . . . . . . . .200
Wing area, S, sqzarefeet . . . . . . . . . . . 35g3
Mean aerodynamic chord (M.A.C.), Inches . . . . . . 249
Horizontal tail area, square feet . . . . . . . . . 50g
Vertical tail area, square feet . . . . . . . . . . j50
Distance, center of gravity to 5 percent M.A.C.

7horizont~ tail (tail leqyth , feet . . . . . . 63.6
Thrust line, stove base line at main step,

inches. . ... . . . . . . . . . . . . . . . . 230.3
Thrustline, Inolined upward to base line,

degrees 5.5

*AU trim angles referred to base line.

Model

4(IU
1/30

.5.!)
0.27

2.33
Q.qj
5.19
6.67
4.0$12
g.30
0.565
0.3~9

2.12

7.6g

595

— —..
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Aerodynam ic Oharacterlebioa

~*tT = 5° (relativetohml~e)(flaps @O). .l.5g5

L at~= 50 . . . . . . . . . . . . . . . . . 6.95+
d~/d7. . . . . . . . . . . . . . . . . . . . . O.l@jI-

dL/d7, pounds per degree . . . . . . . . . . . . 0.b5tl+
d~~d T(av. ) . . . . . . . . . . . . . . .=.-0.0150

dMCflJd7,pound-foot per degree (av.) . . . . . . 1.365 @

d~CG/d~(av.) . . . . . . . . . . . . . . . . . -0.C096

~CJw(av.) . . . . . . ● . . . . . . . . . . CJ.546Va

~ch (max.z-adderforce). . . . . . . . . . . s 0.0148

Get-awxy speed, feet per second. . . . . . . . . . 130
Get-Pw~ ~ . . . . . . . . . . . . . . . . ..l. G90

Get-away T, degrees . . . . . . . . . . . . . ..~.3

Ratios ~1-siga
Modal

1/a
A 5.477 .

1 ● ggg

7.72 X 10-3#
0.1045

-3
0.509x 10 +
-0.0150

5.05x 10-5e
-0.0006 ~

2.02 x 10-5Va

Omolu

A j.o”x Ioa
Aa g.o x 10

A= 27.c x lo;

A4 in.ox lC
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Fig. 1
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Figure 1.- Body plan of model XPB2M-1.
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Figure 3.- Apparatus setup for yawing tests.
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